Abstract: Predicting attainable yield under water-limiting conditions is an important goal in arid, semi-arid and drought-prone environments. To address this task, FAO has developed a model, AquaCrop, which simulates attainable yields of the major herbaceous crops in response to water. Compared to other models, AquaCrop has a significantly smaller number of parameters and attempts to strike a balance between simplicity, accuracy, and robustness. Root zone water content is simulated by keeping track of incoming and outgoing water fluxes. Instead of leaf area index, AquaCrop uses canopy ground cover. Canopy expansion, stomatal conductance, canopy senescence, and harvest index are the key physiological processes which respond to water stress. Low and high temperature stresses on pollination and harvestable yield are considered, as is cold temperature stress on biomass production. Evapotranspiration is simulated separately as crop transpiration and soil evaporation and the daily transpiration is used to calculate the biomass gain via the normalized biomass water productivity. The normalization is for atmospheric evaporative demand and carbon dioxide concentration, to make the model applicable to diverse locations and seasons, including future climate scenarios. AquaCrop accommodates fertility levels and water management systems, including rainfed, supplemental, deficit, and full irrigation. Simulations are routinely in thermal time, but can be carried out in calendar time. Future versions will incorporate salt balance and capillary raise. AquaCrop is aimed at users in extension services, consulting firms, governmental agencies, NGOs, farmers associations and irrigation districts, as well as economists and policy analysts in need of crop models for planning and assessing water needs and use of projects and regions.
Introduction
The complexity of crop responses to water deficits has often led to the use of empirical production functions as the most practical option to assess crop yield response to water. Among the empirical function approach, FAO Irrigation & Drainage Paper 33 (Doorenbos and Kassam, 1979) has been a landmark in predicting the yield response to water of annual and perennial crops, through the following equation:
Where Y x and Y a are the maximum and actual yields, ET x and ET a are the maximum and actual evapotranspiration, and k y is the proportionality factor between relative yield loss and relative reduction in evapotranspiration. Different forms of Eq. (1) may be found in the literature (Stewart et al., 1974; Tanner and Sinclair, 1983) . Theoretical and experimental advances in crop-water relations from 1979 to date, along with the strong demand for improving water productivity as one of the major approaches to cope with water scarcity, have prompted FAO to revise its Paper 33. This was carried out through a consultative process with experts from major scientific and academic institutions and governmental organizations worldwide. The consultation led to a revision framework that treats field and vegetable crops separately from tree crops because of the different level of knowledge and the additional complexities involved in yield determination of the latter. For herbaceous crops, the decision was to develop a simulation model of proper structure based on concepts traceable to Eq. (1), for use in planning, management and scenario analysis. The model is named AquaCrop, which attempts to strike a balance between accuracy, simplicity, robustness, and ease of use. This paper describes the conceptual framework, structure, algorithms, and distinctive features of AquaCrop, along with the performance evaluation for a few crops grown under variable water availability.
Model Description

Model Growth-Engine and Flowchart
Conceptually, AquaCrop is an expression of Eq. (1) but with refinements. The crop evapotranspiration (ET) is separated into soil evaporation (E) and crop transpiration (Tr) to avoid the confounding effect of the non-productive consumptive use of water (E). This is particularly important when canopy cover of the ground is incomplete and soil E may be the major component of ET. The harvestable yield (Y) is expressed as a function of biomass (B) and harvest index (HI) to distinguish between environmental stress effects on B from those on HI. The separation of these two kinds of effects, which differ fundamentally, makes it possible to introduce functional links based on underlying physiological processes. The changes described led to the following equations at the core of the AquaCrop growth engine:
And,
Where WP is the water productivity parameter in units of kg (biomass) m -2 (land area) mm -1 (water transpired). Stepping from Eq. (1) to Eq. (2) makes the model more robust and more applicable, due to the conservative behavior of WP when normalized for climatic conditions (Steduto et al.,
